Fifteen years of quantitative study of the communities of unicellular green algae Dunaliella parva and red halophilic Archaea (family Halobacteriaceae) in the Dead Sea have shown a close correlation between the dynamics of the biota and the physical structure of the water column. Since the overturn of the water column in 1979, periods of stratification have occurred in the Dead Sea: merornixis lasting for several years (1980) (1981) (1982) (1992) (1993) (1994) (1995) and a period of holornixis lasting almost a decade (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (Anati & Stiller 1991 , Beyth et al. 1993 . During the holomictic period, the too high salinity of the surface water prevented the development of mass blooms of algae and bacteria in the lake, bacterial densities were low, and algae were altogether absent from the water column (Oren 1988) . However, when the upper water layer became sufficiently diluted by winter rain floods, and a stable stratification was established, dense populations of Dunaliella developed (8800 cells ml-' in 1980, more than 15000 cells ml-' in 1992) (Oren & Shilo 1982 , Oren 1993 . Mass development of Dunaliella was followed by a bloom of halophilic Archaea (up to 2.2 X 107 and 3.5 X 107 cells ml-' in 1980 and 1992, respectively), imparting a red coloration to the water (Oren 1988 . Nissenbaum (1975) suggested that some degree of patchiness may occur in the distribution of the biota in the Dead Sea. However, till now little evidence for such patchiness has been documented. One may expect a large degree of spatial variation in algal density at the onset of algal blooms in the Dead Sea. The inoculum from which the Dunaliella develops when conditions become suitable was suggested to be derived either from less saline springs surrounding the lake (Oren & Shilo 1982 , Oren 1989 , or from resting stages (cysts), originating from cells that developed during a previous bloom and had sunk to the bottom .
The meromictic episode that started at the end of 1991 and lasted till the end of 1995 (Oren & Anati 1996) was caused by a temperature anomaly in the area, caused by the eruption of Mount Pinatubo in the Philippines (Halpert et al. 1993) . The cold-air temperature anomaly in the Middle East during the winter of 1991-92 (3 to 4°C below average) resulted in the addition of about 1.5 X log m3 freshwater to the Dead Sea, causing a level increase of almost 2 m (Beyth et al. 1993) . This new stratification gave rise to a short-lived mass development of algae (April-May 1992) (Oren 1993 ) and a prolonged bloom of red bacteria (May 1992 to November 1995) , Oren & Anati 1996 .
In the present study we used remote sensing, involving multispectral analysis of satellite pictures, to observe biological phenomena in the Dead Sea during the spring bloom of microorganisms in 1992. Two multispectral LANDSAT images were obtained from the period of the microbial bloom of 1992: April 15, at the onset of the Dunaliefla bloom, and June 22, at a time when the algal bloom had declined and the Dead Sea was colored red by a dense community of halophilic Archaea. For comparison, a LANDSAT image from 5 May 1991 was obtained, collected in a period when Dunaliella cells were altogether absent from the water column, and bacterial numbers were negligible. The images were purchased from the Interdisciplinary Center for Technological Analysis & Forecasting at Tel Aviv University, Tel Aviv, Israel. All 7 spectral bands were available for analysis: band 1 (0.45-0.515 pm), band 2 (0.525-0.605 pm), band 3 (0.63-0.69 pm), band 4 (0.75-0.9 pm), band 5 (1.55-1.75 pm), band 6 (10.4-12.5 pm), and band 7 (2.09-2.35 pm).
The search for algal and bacterial signatures on the LANDSAT images is based on the effect of the microorganisms on the volume reflectance of the water body. The spectral distribution of the reflected solar radiation is modified by pigments present in the rnicroorganisms. The main interaction commonly measured in such studies is the absorption of sunlight by the red absorption band of chlorophyll contained in the algae, leading to a decrease of the reflection in band 3 (Johnson 1978 , Braude et al. 1995 , Yacoby et al. 1995 . Thus, for analysis we used the ratio of the radiance of band 4 to the radiance of band 3. This ratio is commonly known as 'algal index' or 'chlorophyll index'. Due to the broad band scattering. effect of the algae, the radiance in band 4 will tend to increase with increasing aigai conceniration, while due to the specific a b s o ption, the radiance in band 3 will tend to decrease. The use of the ratio neutralizes most of the atmospheric effects. Halophilic Archaea, with their specific absorption by carotenoid pigments (a-bacterioruberin and are expected to cause a decrease of the reflection in band 2. We attempted to use the attenuation of radiance of LAND-SAT band 2 as a measure for the presence of archaeal carotenoids. However, at these short wavelengths spectral data are greatly influenced by atmospheric effects, and comparison of bands 2 and 3 produced results similar to those obtained from bands 3 and 4. During the 1980-1981 archaeal bloom, bacteriarhodopsin (maximum absorption at 570 nm) was present as well (Oren & SMo 1981) ; this pigment was, however, not found in detectable amounts during the 1992 bloom .
To supplement remote sensing data, surface water samples were collected in the center of the lake (Table 1) . Physical (temperature, salinity) and biological parameters (Dunaliella cell numbers, bacterial density, particulate protein, chlorophyll derived from Dunaliella, and bacterioruberin from halophilic Archaea) were determined as described in previous publications (Oren & Shilo 1982 , Oren 1993 , Oren & Anati 1996 .
The average band ratios ('chlorophyll index') in May 1991, April 1992, and June 1992 were 0.59, 0.66, and 0.42, respectively. As expected, the highest values were observed at the onset of the Dunaliella bloom, with low values in June, when Dunaliella had virtually disappeared from the lake. The intermediate value calculated for May 1991 was unexpected, as at this time the lake was almost devoid of biota. However, radiance values in bands 2 and 3 were higher in June 1992 than in May 1991, possibly indicating high light scattering as a result of the massive presence of bacteria. This hypothesis, however, cannot be proven on the basis of the available data.
All 3 images show a considerable spatial heterogeneity (Figs. 1 to 3) . In the 1991 exposure, the band ratio is relatively high near the coast and decreases towards the center, while the opposite is true for the images collected in April and June 1992. This cannot be explained by salinity variations, as the last periods of massive rain in the catchment area of the Dead Sea in the winter of 1991-92 occurred from January 30 to February 13 and from February 23 to 29. However, influx of fresh water from the Jordan River during the period of the investigation should be taken into account (96, 96.5, 38 .3 and 20 X 106 m3 in February, March, Apnl, and May 1992, respectively). The general trend in 1992, most pronounced in the April image, is a particularly high chlorophyll index near the shore. The most probable explanation is that here we witnessed the onset of the Dunaliella bloom, and that this bloom originated from resting stages present in the sediment. We observed the formation of such resting cells or cysts during the decline of the 1992 bloom , and it may be expected that similar resting cells were deposited at the end of the previous bloom in 1980. The presence of chlorophyll in the bottom sediments of the Dead Sea has been documented earlier (Nissenbaum et al. 1972) . The finding of a similarly high 'chlorophyll index' near the southern shores of the lake, where freshwater springs are scarce or absent, supports the hypothesis that cells present in the surface sediment, and not cells derived from less saline springs in the area, formed the inoculum from which the bloom developed. The pattern observed is also in agreement with the bathymetry of the Dead Sea, as the eastern slope is much steeper than the slope near the western shore. Thus, near the western shore, and especially near the southern end of the lake, large areas of surface sediment came into contact with the 5 or 6 m deep, less saline water layer formed as a result of the massive inflow of freshwater (Oren 1993 . The greatest decrease in salinity occurred in the upper 5 m only, but in March-April 1992 a decrease in salinity was witnessed down to a depth of 10 or 11 m . At greater depths no change in salinity occurred, and thus no signal was present there to trigger the germination of resting Dunaliella cells in "Sample collected on the western shore, opposite Nahal Kedem bo25 is the density departure from that of distilled water at 25°C the deep sediments. The hypothesis that the Dunaliella bloom started mainly near the shore was also supported by the fact that the highest algal count was recorded in a single sample collected from the western shore (34 000 cells ml-l, 4 May 1995) (Oren 1993) . The high chlorophyll index in the Dead Sea in April 1992 made it possible to observe the mode of mixing of water from the Jordan River and additional sources of freshwater, much poorer in algal biomass (Figs. 2 & 3 , middle panels). The contrast in chlorophyll index between the 2 types of water enables visualization of the mode of mixing freshwater with the Dead Sea brines and the direction of the currents in the lake. A mass of water with a low chlorophyll index was observed, its center located about 1.3 km southeast of the river's mouth, and flowing in a western direction. In May 1991 and in June 1992, Jordan River water could not be observed because of the small amounts of water discharged andlor because of the insignificant difference in chlorophyll index between the Jordan River water and the Dead Sea brine. A vortex of water with a low chlorophyll index entering the Dead Sea could be observed in April 1992 near the freshwater springs of Ein Fesha (Ein Zuqim) at the northwestern shore (Fig. 3, middle panel) . Here the plume of freshwater extended about 2 km into the lake. A similar vortex can be seen at the southeastern end of the lake (Fig. 1,  middle panel) . Likewise, the inflow of water from the hypersaline sulfur springs on the shore south of Ein Gedi (Oren 1989 ) is visible by its low chlorophyll index. No special features were observed in May 1991 or in June 1992 at any of these sites, probably because of the low chlorophyll content of both types of water. In the May 1991 and June 1992 images, no area of high chlorophyll index was evident near the mouth of the Dead Sea. This suggests that no permanent stable area of reduced salinity exists in which dense Dunaliella populations thrive all year round.
It is regrettable that a series of images covering the development of the 1992 bloom (beginning of April to end of May) is no longer available, as such a time series would have shed more Light on the origin of the bloom and its spread over the whole lake. However, even now the analysis of LANDSAT images has enabled us to obtain information on the spatial and temporal distribution of the biota in the Dead Sea, information that is difficult to obtain otherwise.
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